The giant axon of the squid is an adequate model for studying whether protein and nucleic acid are synthesized in this structure and what relationship if any, exists between the synthesis of these molecules and the stimulation of the axon. We have reported (I) that upon microinjection (MI) of amino acids ,14C (amino acids, AA) these are incorporated into trichloracetic acid-insoluble material, incorporation which is higher in stimulated axons as compared with resting ones. Through the simultaneous MI of 14G algae hydrolisate and uridineAH, we have followed simultaneously the incorporation into trichloroacetic acid-insoluble material of both tracers, probably protein and RNA respectively. The axons were processed as described elsewhere (1) with the following modifications: the tracers were dissolved in K glutamate (0.6 M pH 7.6); intracellular potentials were measured during the whole experiment; in the step in which trichloroacetic acid was used both protein and nucleic acid as carrier were added; the precipitate was collected, washed on membrane filters (Schleicher & SchueU Co., Keene, N.H.), and counted in a liquid-scintillation spectrometer adjusted for simultaneous determination of both tracers. The results of these experiments are shown in Table I . It is clear that both tracers are incorporated into trichloroacetic acid precipitate. The incorporation is higher in axons stimulated for 10 min with 100 stimuli per second. Although the incarporation of uridine is small, it suggests the presence of RNA in the axon itself. We tried to increase the small level of incorporation and found that by altering the scheme of MI in relationship to the stimulus this could be achieved. Preliminary experiments show that by stimulation first and MI 10 rain later, the incorporation of AA is doubled, and three times more uridine is incorporated as compared with the values given in Table I in which the axons were first MI and stimulated afterwards. This would suggest that during stimulation or shordy thereafter changes in the availability of the sites to the tracers in the axon structure where incorporation occurs may be responsible for the smaller incorporation when MI was performed prior to the stimulation. We have shown that administration of actinomycin D decreases strikingly the incorporation of AA-14C (1). This suggests that there are sites for synthesis of protein in the axon since higher incorporation was obtained in the axon sheaths than in axoplasm and indicates that the axon membrane or structure closely related to it are the possible sites for this synthesis.
These findings led us first to investigate whether RNA is present in the squid axon and second to learn more about the axon membrane. In order to perform this work it was necessary to find an adequate material readily available in which axon membranes are abundant and Schwann cells relatively scarce. In 1966, Canessa and Zambrano used the optic nerve of the squid because it fulfilled these requirements (2) . Electron micrographs of squid optic nerve showed a large proportion of axons compared with other structures.
We have devised a procedure for the isolation of axon membranes from the optic nerve. This procedure was utilized for both the analysis of R N A and the enzymic study of membrane fragments and their protein constituents. In Fig. 1 is shown the scheme of isolation of optic nerve membranes which we finally adapted. Shortly it consists in Number of experiments is shown by number in parentheses. Axons were MI with 1 /z liter of a mixture of AA-x4C (NEN) specific activity 1 mc/mg and uridine-3H (Schwarz) specific activity 8 c/m•, containing 2.5 X 104 and 2.5 X 105 cpm respectively. Only axons in which extracellular potential remained unchanged during the experiments were computed. A platinum wire inserted through the MI pipette was utilized for recording intracellular potentials and values between 75-95 mv were obtained. The handling of the axons, the trichloroacetic acid-precipitate step, and the calculation of the results were as described elsewhere (1) with some modifications given in the text.
homogenization of the washed optic nerve, sonication (20 kc at peak output) in a hypotonic buffer, and differential centrifugations. The supernatant was spun at 105,000 g and the resulting pellets were resuspended by gentle homogenization in sucrose-Tris-EDTA buffer and centrifuged twice. The 105,000 g fraction was utilized directly or lyophylized. In this form we obtained our starting material the fraction 105 X K (105,000 g). From the fraction 105 X K as well as from cleaned giant axon of the squid, R N A was isolated. Axoplasm was removed by the rolling-out device, and both the sheaths and the axoplasm were processed for R N A extraction. The isolation of R N A from both the axoplasm and sheaths of the giant axon as well as from the optic nerve (fraction 105 )< K) was done with hot phenol modified according to Scherrer and Darnell (3); DNA, low molecular weight RNA, and glycogen were eliminated by treatment with 3 ~ Na acetate (4) . The R N A was analyzed by sucrose-gradient centrifugation (7.5-30% made in acetate B, 0.01 ~s, p H 5.1), centrifuged for 6 hr at 38,000 rpm in the SW-39 rotor in a Spinco ultracentrifuge. The results of R N A C E L L M E M B R A N E B I O P H Y S I C S isolated from axon sheaths are shown in Fig. 2 . A single peak of UV-absorbing material was found probably 18S-like RNA. It was identified as RNA by treatment with RNase which rendered it almost totally acid soluble. We were unable to find RNA in the axoplasm from giant axons. The OD pattern of RNA isolated from the fraction 10 X K and 105 X K from the optic nerve are shown in Fig. 3 . It is apparent that two families of RNA are present, which probably are the 24S-and 18S-like material reported as the main families of cytoplasmic RNA for many tissues. The finding of a single area of UV-absorbing material in the RNA from the sheaths of the giant axons may be a reflection either of degradation of the 24S-like material to the 18S families or of the absence in this structure of RNA with higher molecular weight. tion. It is possible that both the observed incorporation and the isolated R N A belong to the Schwann cells. W e have not been able to rule out this possibility, but the finding of R N A in the optic nerve m e m b r a n e a structure with very few Schwann cells suggests that at least some R N A could be present in the axon. Cell membranes can be identified by their characteristic enzyme profile (5, 10). This property was utilized for the development of a purification procedure of axon m e m b r a n e starting from the 105 X K fraction of optic nerve. In T a b l e II are shown the m e a n values of N A D H dehydrogenase and A T P a s e of these fractions. T h e A T P a s e Numbers in parentheses show number of different preparations in which assays were performed. ATPase and NADH-dehydrogenase assays as described elsewhere (5, 6). O u a b a i n final concentration 10 -a M. is inhibited 50 % by addition of ouabain. Succinic dehydrogenase was assayed for determination of the degree of mitochondrial contamination. In the 105 X K fraction we found a r o u n d 5 % of the activity measured in the 10 X K fraction. F u r t h e r purification of the m e m b r a n e has been achieved by spinning the dialyzed 105 X K fraction through a lineal gradient of sucrose. In Fig. 4 the results of a typical run is shown. Two FIGURE 6. Electron micrograph of the membrane pellet obtained from the first peak after sucrose gradient centrifugation of the 105 X K fraction. The pellet was rich in vesicles of different sizes. The micrograph shows a group of the largest vesicles. The diameter ranges between 8.5 and 1.5 m#. They are bounded by one or multiple, loose, concentric membranes. The unit membrane pattern is apparent in some planes of the section through the membrane. OsO4-Veronal-acetate-buffer fixation, upon embedding contrasted with uranyl acetate and lead acetate. X 50,000.
peaks of OD25~ were always obtained; the first one in higher sucrose concentration and the second one around 22 % of sucrose. In Fig. 5 is shown the distribution of the two enzyme markers in the various fractions isolated from the gradient. Both enzymes are found in the first peak whereas in the second one mainly ATPase was found. This would imply that m e m b r a n e fractions are mainly located in the first peak. For a check of this hypothesis, the following experiment was performed. T h e areas under each peak from several gradients were pooled separately and concentrated by centrifugation at 145,000 g for 120 rain. T h e m e m b r a n e pellets were fixed in osmium tetrox-
C E L L M E M B R A N E B I O P H Y S I C S
ide (7) and processed for electron microscopy. Electron micrographs of pellets from the first and second peaks were similar in that both contained a b u n d a n t vesicles of various sizes. Clusters of large vesicles represented the d o m i n a n t element in both samples. T h e y ranged from 8.5 to 0.6 m# in size. These vesicles were, however, slightly different in each peak. Vesicles from peak 1 (Fig. 6) were often formed by two, three, or four concentric membranes. Smaller vesicles were found in the interior. Sometimes FIGURE 7. Electron micrograph of the membrane pellet obtained from the second peak after sucrose gradient centrifugation of the 105 )< K fraction. This pellet was also rich in vesicles. The vesicles were usually smaller in size than those from peak 1. The diameter fluctuated between 4.7 and 0.6 m#. In the micrograph single membrane-bounded vesicles are shown. Vesicles formed by multiple membranes were rare in this pellet. Sample prepared as Fig. 6 . × 64,000.
the loose membranes forming these vesicles were in continuity with a dense, compact, multilamellar portion of their wall. Single, m e m b r a n e -b o u n d e d vesicles of a similar diameter were also present in this pellet. In the pellet from the second peak (Fig. 7) vesicles were almost invariably bounded by a single unit m e m b r a n e a p p r o x i m a t e l y 80 A thick and usually were smaller in size than those from peak 1. V e r y fine strands of low electron opacity were present between the clusters of vesicles. Their nature is uncertain. No contaminants such as mitochondria, mitochondrial fragments, or ribosomes were seen in the preparation. Vesicles were identified as formed by fragments of axon membranes. With these findings we have to reinterpret the low concentration of one of the membrane markers, the N A D H dehydrogenase, in the second peak. It has been found that this enzyme is present in higher concentration in sonicated membrane fractions than 
7.8).
in intact ones (9) . This was checked by sonicating concentrated fractions from first and second peaks at different power settings and times (5-20 see). Invariably this resulted in significant decrease of enzymatic activity. It is possible that the membranes isolated from both peaks are different in structure and as a result of this N A D H activity is owe r in the membrane isolated from the second peak. This is now under investigation. Our next effort was directed to attempt the solubilization of membrane protein. This is important in order to know the type of protein and some physical characterization. We finally adapted the following procedure: 105 X K fraction as well as concentrated material from both peak of the gradient were suspended in Tris B (10 -4 u, p H 8.1) dialyzed exhaustively for elimination of sucrose, then treated with urea (to 0.5 M), Na dodecyl sulphate (SDS) (to 0.1%), mercaptoethanol (MeOH) (to 10 +3 M), and 1/~00 vol of glacial acetic acid, incubated for 120 min at 37°C, and centrifuged at 37,000 g. The clear supernatant was utilized directly.
As a study of the molecular weight or S values of the solubilized proteins, the following experiments were done. Solubilized protein from the first, second, and the 105 X K fraction were centrifuged in the SW-25 through a sucrose gradient. Fig. 8 shows the OD pattern of solubilized protein 105 X K fraction. Four families of proteins with different S values can be observed. One main peak around 28 % sucrose concentration probably formed by proteins of high molecular weight and three smaller ones in the lower sucrose area. Fig. 9 a shows the solubilized protein from the first peak in which two peaks are observed; the first has high S values whereas the second sedimented close to the top of the gradient. The solubilized protein of the second peak is shown in Fig.  9 b and has two peaks in the area of low sucrose concentration. This suggests that the protein from both peaks are different at least in their behavior in the sedimentation field, as well as from the protein of the unfraetionated material.
In summary we have found that both AA-I4C and uridine-3H are incorporated in a trichloroacetic acid-insoluble material in the giant axon of the squid. The incorporation is higher in stimulated axons than in nonstimulated ones. As a necessary counterpart of these findings, we showed the presence of R N A in the axon. We have attempted some steps of purification of squid nerve membrane. From the membrane preparation we have been able to solubilize the protein constituents and study some of their properties.
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